Introduction
From time to time, heterocyclic templates have continued to gain respect and much interest among the medicinal chemists, because of their numerous therapeutic applications and effective reported druggability [1] . Benzimidazole is a heterocyclic aromatic 1 H and 13 C nuclear magnetic resonance of the heterocycles were NMR Bruker DPX 400 spectrometer at 400 MHz and 100 MHz, respectively in DMSO-d 6 . The reference utilized was Tetramethylsilane (TMS). The reaction progress as well as the level of purity was routinely checked and monitored with Thin Layer Chromatography (TLC) using CHCl 3 / CH 3 OH (9:1, v/v) eluent. After reaction was completed, solvents were evaporated under reduced pressure using IKA Ò RV 10 Rotary evaporator. In a situation where more than one spots were observed, column chromatography was carried out to get a pure compound.
2-(1H-Benzimizadol-2-yl)aniline as precursor 1
o-Phenylene diamine (15.00 g, 140.00 mmol) was weighed and dissolved in 150 mL of ethanol in a round-bottomed flask. It was stirred for 5 min with the aid of magnetic stirrer after which anthranilic acid (19.20 g, 140 .00 mmol) was gradually tipped into the solution followed by the addition of a catalytic amount of NH 4 Cl (0.75 g, 14.00 mmol). The resulting solution was then heated under reflux at 60-70°C for 2 h. The TLC was utilized to ascertain the progress of reaction. Upon completion, the resulting solution was allowed to cool down. The flask content was evaporated to dryness and triturated with ice-cold water. The solid mass formed was separated by suction filtration to furnish 2-(1H-benzimizadol-2-yl)aniline 1 (72.68%), mp = 85-87°C, colour = gray. 1 
Overall protocol towards accessing 2-substituted benzimidazole 2a-f
Precursor 1 (4.00 g, 19.10 mmol) was dissolved in 20 mL of tetrahydrofuran (THF) in a round-bottomed flask at room temperature. The medium was basified by the addition of Na 2 CO 3 (4.06 g, 38.30 mmol) and cooled to 0-5°C in ice bath. The corresponding electrophile-releasing substrate a-f (19.10 mmol) was then added and the reacting mixture was maintained on ice bath for additional 15 min after which the medium was warmed up to room temperature and stirred there for 24 h. Monitoring of reaction progress was conducted using TLC and upon reaction completion, the solvent was evaporated at reduced pressure using rotary evaporator. Cold water was added to the resulting mass, filtered by suction, and air-dried to afford crude product which upon column purification afforded 2-substituted benzimidazole derivatives 2a-f.
N-(2-(1H-Benzimidazole-2-yl)phenyl) acetamide 2a
When a = acetyl chloride, yield 57.70%, mp = 253-255°C, colour = gray. Overall protocol towards accessing 1,2-disubstituted-1H-benzimidazole 4a-f
Similar procedure for 2a-f was repeated herein using 2-(3,5-dinitrophenyl)-1H-benzimidazole 3 as the precursor which reacted with substrates a-f to afford 1-substituted-2-(3,5-dinitrophenyl)-1H-benzimidazoles 4a-f.
1-(2-(3,5-Dinitrophenyl)-1H-benzimidazole-1-yl)ethanone 4a
Yield 72.58%, mp = 250-252°C, colour = brown. 
2-(3,5-Dinitrophenyl)-1-tosyl-H-benzimidazole 4c
Yield 98.77%, mp = 112°C, colour = brown. Overall protocol towards accessing 1,2-disubstituted-1H-benzimidazole 6a-f
Similar procedure for the synthesis of 2a-f was repeated herein using 2-benzyl-1H-benzimidazole 5 as the precursor which reacted with substrates a-f to afford 1-substituted-2-benzyl-1H-benzimidazoles 6a-f. 
Antibacterial sensitivity testing of compounds 1-6f
All the synthesized compounds (1-6f) and gentamicin were screened for antibacterial activity on four bacterial strains using agar well diffusion method [26] . The detailed was as attached in Supplementary Materials.
Minimum inhibitory/bactericidal concentration (MIC and MBC) testing
The minimum inhibitory concentration (MIC) test on the chosen organisms was carried out via serial dilution technique [27] and the concentration range was from 500.00 to 15.63 mg/mL, while the minimum bactericidal concentration (MBC) was determined by a standard method [26] . The detailed description of the procedures for the determination of MIC and MBC were as presented in the supplementary material.
Results and discussion
Based on the enthusiastic outcome of an extensive review on functionalized benzimidazole [3] and in the continuation of the research effort in the area of benzo-fused imidazole moieties [6, 28] , the synthesis of functionalized 2-substituted and 1,2-disubstituted benzimidazole derivatives was herein reported to evaluate their antibacterial activities. Although, various derivatives of benzimidazole moieties have been synthesized and reported in literature; high temperature for the reflux process and the uses harsh reaction condition in the presence of strong and concentrated acids such as HCl [4, 6] have been involved. On the contrary, the synthesis of 2-(1H-benzimizadol-2-yl)aniline precursor 1, was achieved herein by the use of eco-friendly reaction of ophenylenediamine with anthranilic acid using a catalytic amount of NH 4 Cl in the presence of ethyl alcohol as a solvent at refluxing temperature of 60-70°C (Scheme 1a). The synthetic modification of NH 2 functional side chain of the reactive intermediate 1 was conducted by reacting it with six different electrophile-releasing substrates to furnish 2a-f. Prior to this, the reaction optimization study was carried out using two main parameters. First, solvent dependent condition was investigated using the synthesis of N-(2-(1H-benzimidazole-2-yl)phenyl)acetamide 2a via the reaction of 1 with acetyl chloride in either tetrahydrofuran (THF), ethanol or acetonitrile at room temperature for 24 h; this gave yield of 87.7%, 30%, and 25% respectively. In addition, the thermodynamic dependent kinetic of the synthesis of 2a was evaluated using the comparative study of the synthesis in THF at room temperature, 60°C, and 120°C. It was unveiled that room temperature gave the highest yield (87.71%) followed by 60°C (38.24%), while there was no isolated product at 120°C. Thus, the same reaction condition was adopted for reaction of 1 with the remaining five electrophile-releasing substrates b-f to produce diverse functionalized 2-substitutedbenzimidazole derivatives 2b-f (Scheme 1b). According to another route [29] , the o-phenylenediamine reacted with 3,5-dinitrobenzoic acid to achieve 3 Scheme 2a, which was subsequently treated with the earlier reported six electrophilereleasing substrates to furnish 1,2-disubstituted benzimidazole derivatives 4a-f (Scheme 2b) in varying yields. Finally, the last precursor 5 in this present work was prepared by the condensation of o-phenylenediamine with phenyl acetic acid (Scheme 3a). Precursor 5 was eventually reacted with the six electrophile-releasing substrates to access the 1,2-disubstituted benzimidazole derivatives 6a-f (Scheme 3b).
Physicochemical parameter data were presented in experimental section alongside the elemental analysis data. The result of elemental analysis for the % calculated agreed with % found for C, H N of all the synthesized compounds with high state of accuracy (the difference was not more that ±0.20 in all cases). Furthermore, the spectroscopic characterization of the targeted templates was carried out using IR and UV, 1 H, and 175.4 ppm for C@O of 2a. Specifically, the aryl-linked CH 3 of 2c, 4c, and 6c appeared at d 21.7-21.3 ppm, whereas the CH 2 signals of 2d, 4d, and 6d resonated at d 48.0-48.2 ppm. The formation of acetamide in 2a, 4a, and 6a was validated by presence of CH 3 intense singlet signal at d 26.4-28.9 ppm, which was absent in the precursors 1, 3 and 5, respectively from which they were derived. The UV transition was run in tetrahydrofuran (THF) for the precursors 1, 2, and 3 and their final compounds 2a-f, 4a-f, and 6a-f. The lowest wavelengths observed at 202-224 nm, were due to electronic excitation of p?p⁄ peculiar to C@C, which depicted the presence of benzene ring in those structures. Bathochromic shifts observed herein led to the presence of other peaks at higher wavelengths (233 nm to 470 nm). Some of these shifts were because of p?n transition, which was attributable to the presence of auxochromic C@N group; which belong to K bands [28, 30] . The FT-IR data of the benzimidazole derivatives 4a-f revealed the stretching frequencies of CAH aromatic, C@C and C@N at 3106-3050, 1622-1600, and 1580-1575 cm À1 , respectively [28] . Additional bands were noticed in 2a, 4a, and 6a at 1699-1685 cm
À1
, which represents the C@O of amide. The two bands at 1377-1375 and 1187-1185 cm À1 , which were domiciled in sulfonamide 2b-c, 4b-c, and 6b-c, were peculiarly assigned to SO 2 functionality. The bands at 1543-1540 cm À1 depicted the presence of NO 2 (asym.) in compounds 3 and 4a-f. Therefore, the extrapolated spectroscopic information of targeted benzimidazole motifs was in concordance with the proposed structures.
Antibacterial activity
The general sensitivity testing was evaluated using the in vitro screening of the synthesized compounds against four bacterial isolates (Staphylococcus aureus, Bacillus licheniformis, Proteus vulgaris, and Pseudomonas aeruginosa). Gentamicin was used as the positive control in this study. The justification of gentamicin as a clinical standard was due to the mode of action, which involved irreversible binding at ribosomal level, thereby signaling to obstruct and interrupt protein synthesis [31] . Agar diffusion method was used for the sensitivity testing and the diameters of zones of inhibition (Z. O. I) were documented in millimeter (Table 1) . Although, large zones of inhibition were noticed for most of the targeted benzimidazole derivatives final products against the screened organisms, resistance was observed in few cases such as 6c against S. aureus; 4d-f, 6a against Bacillus licheniformis; 2a, 2c, 4a, 4d, and 6f against Proteus vulgaris; 2e, 4d-f, and 6a against Pseudomonas aeruginosa, and 6f developed resistant against the effect of gentamicin. Overall, the largest zone of inhibition (40.00 ± 0.10 mm) was recorded for 1 against S. aureus, while the lowest zone of inhibition (15.00 ± 0.08 mm) was recorded for 3 against S. aureus. In comparison with gentamicin, all synthesized compounds, except 3, had better activity with higher zones of inhibition against growth potential of S. aureus. This means that the array of compounds synthesized herein might be a possible replacement for gentamicin on infectious disease caused by the S. aureus or enhance the potency of gentamicin where resistance issues occur. Compared to gentamicin, all compounds except 3 and 6c showed larger zones of inhibition against growth of S. aureus (i.e. >16 mm); and except 4d-f and 6c against B. licheniformis (i.e. >16 mm), while 3 and 4c exhibited approximately the same Z.O.I. as gentamicin against S. aureus (15 mm) and B. licheniformis (16 mm), respectively. Interestingly, more than 75% of the targeted benzimidazole derivatives were active on P. vulgaris with large zones of inhibition, whereas this organism was resistant to gentamicin (Table 1) . Similarly, more than 75% of the targeted benzimidazole derivatives (Z.O. I = 25.00 ± 0.08 to 38.00 ± 0.12 mm) were more active than gentamicin (20.00 ± 0.08 mm) upon P. aeruginosa. In the present study, the choice of S. aureus and E. coli was due to the broad array of pathogenic infections and precarious health issue that are associated with these bacterial strains [32] and wide reported occurrence of resistant strain of S. aureus [1] . S. aureus has been reported to have strong relationship with death rate increase in human population, prolong admission of patients in hospitals, and the infections caused by this bacterial strain are expensive to treat [33] . Due to heat stable toxin production, S. aureus is enlisted as one of the highly invasive organisms referred to as pyogenic cocci involved in numerous adverse infectious conditions in humans [28, 32, 34] . In view of the reported predicament aforementioned and large zones of inhibition experienced via action of the benzimidazole framework herein on S. aureus, motivation was enhanced to investigate the activity index (A.I.) of the synthesized compounds against this organism (Fig. 1) . It is quite impressive to note that all the synthesized benzimidazole motifs herein, showed better activity indices than gentamicin against S. aureus except 3 and 6c. The compound 3 competed favourably with gentamicin (A. I. % 1.00) while 6c developed resistance; hence could not have activity index.
Furthermore, based on high susceptibility of the organisms to the synthesized benzimidazole templates 1-6f and broad spectrum of activity observed herein, the MIC testing was carried out to determine the lowest concentration of the compound solution that conveniently inhibited the bacterial growth (Table 2) . It was carried out using serial dilution method (500, 250, 125, 62.50, 31.25, and 15.63 mg/mL) via an earlier reported method [27] . The MIC of benzimidazole derivatives upon S. aureus varied from 15.63 ± 1.63 to 250 ± 2.66 mg/mL; against B. licheniformis varied from 62.50 ± 2.04 to 250 ± 2.65 mg/mL; against P. vulgaris varied from 31.25 ± 1.94 to 250 ± 2.65 mg/mL; and against P. aeruginosa ranged from 15.63 ± 1.63 to 125 ± 2.45 mg/mL. The best activity against S. aureus was observed in the precursor 1 among the series of the 2-substituted benzimidazoles 1-2f. The presence of amino functionality in 1 and the ready availability of its lone pair of electron for coordination led to improved activity. The activity decreases after the NH 2 had underwent substitution as contained in 2a-f, except for 2c and 2e, which competed favorably with 1. This means that incorporation of p-toluenesulfonamido (in 2c) and pyrimidinedione (in 2e) played significant role as essential pharmacophores in increased activity observed in 2c and 2e against S. aureus. On the contrary, the series of 1,2-disubstituted benzimidazoles 4a-f were more active than the precursor 3 from which they were derived. This showed that additional substitution on position 1 of compound 3 to afford 1,2-disubstitution in 4a-f, was a worthwhile adventure in increasing the bioactivity of precursor 3, since the series of 1,2-disubstituted benzimidazole products 4a-f resulted in drastic improvement of growth inhibition in S. aureus. In addition to MIC testing, the minimum bactericidal concentration (MBC) testing was determined to authenticate the lowest concentration of the benzimidazole solution that causes death of the bacterium targeted per time and the results are shown in Fig. 2 . Apart from where the MBC was not determined (N.D.) due to occurrence of resistance, all other cases showed that the MBC values were double the MIC in each consideration, except in 6a alone where MBC (500 mg/mL) was 4 times that of MIC (125 mg/ mL) against P. vulgaris. From all indications, the lowest MBC trend was observed for the bio-assay screening of benzimidazole derivatives upon S. aureus, whereas the highest MBC was reported against P. aeruginosa as shown in Fig. 2 .
Structure activity relationship (SAR) study
From the overview of the structure activity relationship (SAR) study, it was found that the nature of substituent on 1-position and 2-positions of the benzimidazole nucleus had significant effect on the antibacterial activity of the entire structures. The compounds series 2a-f were structurally related in the core pharmacophoric 2-phenylbenzimidazole; the SAR study showed their activity against S. aureus to be in the order 2c % 2e > 2a % 2b % 2d % 2f. This means that the presence of electron donating CH 3 on p-toluenesulfonamide moieties in the 2-position of anilino side chain played a significant role in the improvement of activity, since its counterpart 2b without CH 3 was far less active and stayed in the categories of 2a, 2d, and 2f in its activity upon S. aureus growth inhibition. Considering 4a-f on S. aureus, the activity varied in the order of: 4e > 4b % 4d % 4f > 4c > 4a. Thus, electron withdrawing ability and p-p stacking character in pyrimidine-dione at 1-position of 2 -(3,5-dinitrophenyl)benzimidazole core worked synergistically with the electron withdrawing NO 2 on benzene at 2-position to increase the activity of 4e, thereby causing it to exhibit outstanding activity against S. aureus among the 4a-f series. Based on the in vitro screening of 6a-f against S. aureus, the order of activity was 6b > 6d > 6e % 6f > 6a > 6c. Hence, presence of benzenesulfonamido group on 1-position of 2-benzylbenzimidazole in series 6a-f played a crucial role in activity boosting, making 6b to be the most active among the group and more active as compared to its isomor- Table 2 Minimum inhibitory concentration (MIC) in mg/mL of targeted benzimidazoles, 1-6f.
phic template 6c where no activity was noticed. It was interesting to note that p-methyl group in 6c which was the only group absent in 6b provided the framework 6a-f with antagonistic effect thereby causing total activity loss in 6c as compared to 6b against S. aureus.
Conclusions
Benzimidazole is an essential heterocyclic framework in agrochemicals, pharmaceuticals, and medicinal chemistry research. NH 4 Cl catalyzed strategy was found to be efficient approach for accessing the reported benzimidazole precursor in good yield. Thus, mono-and disubstituted benzimidazole derivatives with improved medicinal potential were successfully synthesized via an elegant pathway. The findings of the in vitro screening unveiled the broad spectrum of activity of the synthesized benzimidazole templates in the present study. Among the series, the highest potency was exerted and experienced in 2-(1H-benzimizadol-2-yl)aniline, 1 and 2-benzyl-1-(phenylsulfonyl)-1H-benzimidazole, 6b. It will be a worthwhile adventure to advance the work further for more guidance on the pharmacokinetic and pharmacodynamic study to ascertain probable candidature of the templates for future drug design.
